Objectives. -Mutual influences of cognitive and emotional functions occur in bipolar disorder, but specific alterations in relation to external emotional stimuli in bipolar I (BD I) and II (BD II) subtypes remain unknown. This study aimed to explore the effects of external emotional stimuli on cerebral attentional function in BD I and BD II. Methods. -We tested visual oddball event-related potentials (ERPs) during various external emotional stimuli (Disgust, Fear, Erotica, Happiness, Neutral and Sadness) in 31 patients with BD I, 19 BD II and 47 healthy volunteers. Participants' concurrent affective states were also evaluated. Results. -The ERP N2 latencies during Fear and Happiness were prolonged, P3 amplitudes during Disgust and Erotica were decreased in BD I; P3 amplitudes during Disgust, Erotica, Happiness and Neutral conditions were decreased in BD II. Increased frontal and parietal and decreased temporal and occipital activations were found in BD I, while increased occipital and parietal and decreased frontal and limbic activations in BD II in relation to different external emotions. ERP components were not correlated with concurrent affective states in patients. Conclusions. -Automatic attention during Happiness and Fear, and voluntary attention during Disgust and Erotica conditions were impaired in BD I; and voluntary attention during Disgust, Happiness, Erotica and Neutral conditions was impaired in BD II. Our study illustrates different patterns of visual attentional deficits associated with different external emotional stimuli in BD I and BD II.
Introduction
Bipolar disorder, principally including types I (BD I) and II (BD II), is one of the most debilitating illnesses worldwide [24] , being characterized by affective fluctuations from highs (mania or hypomania) to lows (depression) [2] . BD I is characterized by more anxious, irritable and impulsive symptoms [38] , while BD II is more depressive [37] , with suicidal ideas and behaviors [40] . However, effects of treatment targeting affective symptoms of individual patients vary considerably between BD I and BD II [16] , which might be related to differences in cognitive processes under different environmental conditions of emotional stimuli.
The fundamental cognitive function of attention is impaired in bipolar disorder irrespective of the (hypo)manic, depressed, or euthymic phrase [17] , but differences in attentional problems between BD I and BD II remain unclear. There are two main attentional systems in healthy people: one is the dorsal network which involves the superior frontal cortex and parts of the intraparietal cortex, in charge of top-down, goal-directed selective process; the other is the ventral network involving the inferior frontal cortex and temporoparietal cortex, responsible for bottom-up detection of salient or unexpected stimuli [10] . Compared to healthy volunteers, decreased activity of anterior temporal and lateral frontal regions during voluntary selective attention was found in BD I in a neuroimaging study [9] , and prolonged latency and decreased amplitude of auditory mismatch negativity at the frontal electrodes during automated, pre-attentive cerebral processing were found in BD II in an event-related potential (ERP) study [3] . Neuropsychological studies have also shown decreased psychomotor speed in bipolar disorder [13] , especially BD I [22] .
There is also some evidence showing differences of cortical-brainstem or peripheral physiological reactions under conditions of external emotional stimuli in BD I and BD II. One study exploring the inhibitory brainstem reflex revealed prolonged latency of the second exteroceptive suppression period of temporalis muscle activity (ES2) under an external erotica stimulation in BD I, but prolonged ES2 latencies under disgust and happiness, and shortened ES2 durations under disgust, happiness and sadness conditions in BD II [48] . One study exploring the excitatory brainstem reflex disclosed smaller areas under the curve of the second component of the blink reflex under conditions of disgust, fear, and happiness in BD II compared to BD I [49] . Another study detected higher heart rate in BD I when an external fearful stimulus was presented immediately after external neutral stimuli; in addition, quicker eyeball movement in BD I than BD II occurred under the sadness condition immediately following disgust [30] .
Behaviorally, emotional stimuli modulate attention or cognition in bipolar disorder. For instance, fear was shown to influence attentional state in subjects with bipolar disorder regardless of their manic, depressed, or euthymic state [15] . BD I had happy scene-related eyeball movement bias during initial orientation, but impairments in recognizing facial fear, disgust, and sadness [15, 29] . Moreover, bipolar disorder subjects (mainly BD II) in depression overidentified negative facial emotions and poorly recognized positive ones [12] . These studies suggested that positive emotional stimuli predominantly affect automatic detection and negative stimuli predominantly influence voluntary processing stages in BD I, while both positive and negative stimuli affect voluntary processing more in BD II. Furthermore, neuroimaging studies revealed poor controllability of frontal regions, such as the inferior frontal or ventrolateral prefrontal, dorsolateral and medial prefrontal cortices, over limbic and emotion-related structures during emotional processing and regulation in bipolar disorder [23, 39] . Literature also showed that these areas play an important role in attentional processes in healthy people [10] . However, the exact effects of external emotions on the early cognitive or attentional processing stages and their cerebral activations, as well as possible differences between BD I and BD II, so far remain unclear.
Visual oddball ERPs might be a candidate methodology for elucidating effects of external emotional stimuli on early attentional processes. The visual N1 and N2 components reflect encoding of elementary stimulus features [19, 33] and involuntary attention to target or deviant stimulus [18, 31] respectively, while the visual P3 reflects central resource utilization, that is, voluntary attention and evaluation of a stimulus [20, 25] . Thus, in the current study, we tested visual ERPs in BD I and BD II under external emotional conditions of disgust, fear, sadness, erotica, and happiness. Based on previous documentation, we hypothesized that:
• BD I would have abnormal ERP components reflecting automatic attention under happiness or erotica conditions, and those reflecting voluntary attention under disgust, fear, or sadness, while BD II would have abnormal components reflecting voluntary attention under most external emotions; • these abnormalities would have different cerebral activations under different external emotions in BD I and BD II, especially in frontal regions; • and that these abnormalities would be associated with the concurrent affective states of BD I and BD II.
Methods

Participants
We enrolled 31 [2] , and were confirmed to have no other psychiatric problems, such as personality disorder, substance use disorder, etc., and to have no brain lesions as determined using computerized tomography or magnetic resonance imaging scans. The study was carried out in accordance with the Declaration of Helsinki as revised in 1989, approved by a local ethics committee and all participants gave their written informed consent to participate in this study.
Questionnaires
Sitting in a quiet room, participants were asked to answer the following 3 questionnaires.
The Mood Disorder Questionnaire (MDQ)
The MDQ is a self-report assessing the presence of symptoms and behaviors related to mania or hypomania [21] . It consists of three parts comprising 13 forced-choice (yes or no) questions, one question to determine whether two or more symptoms have been experienced at the same time, and one question to determine the extent to which symptoms have caused functional impairment on a scale ranging from ''no problems'' to ''serious problems''. The MDQ was demonstrated to be valid with an internal reliability of 0.79 in a sample of Chinese individuals [45] .
The Hypomania Checklist-32 (HCL-32)
The HCL-32 is a self-assessment instrument with 32 forcedchoice (yes or no) items describing hypomanic symptoms of emotions, thoughts, or behaviors, and questions regarding duration, impact of family, social and work life, or people's reactions [4] . The HCL-32 was demonstrated to be valid with an internal reliability of 0.88 in a sample of Chinese individuals [46] .
The Plutchik-van Praag Depression Inventory (PVP)
The PVP is a self-report questionnaire including 34 items for detecting depressive symptoms [34] . Each item has three scale points (0, 1, 2) corresponding with increasing depressive tendencies. Participants have ''possible depression'' if they score between 20 and 25, or ''depression'' if they score above 25. The internal reliability of PVP was 0.94 in a sample of Chinese individuals [43] . External emotional stimuli. The external emotional stimuli, being composed of pictures and sounds of the same domain saturated with high arousal levels of emotional valence, were presented by eevoke TM software (ANT Software B.V., Enschede, The Netherlands). Pictures were from the International Affective Picture System [28] , which were horizontally presented (768 × 512 pixels), sustaining about 19.8 • × 13.5 • of visual angles. Sounds were from the International Affective Digitized Sounds database [7] , which were 40-50 dB in intensity, delivered through a headphone. The six emotional situations were Disgust (picture code: 9325; sound code: 255), Fear (3053; 275), Erotica (4680; 205), Happiness (2040; 110), Neutral (5390; 172) and Sadness (2205; 295). ERP designs and recordings. Participants were seated in a dimly lit room at 100 cm from a computer screen. There were six successive sessions of experiment, with a twominute interval between two sessions. Each session started with a fixation cross in the middle of a black background for 3000 ms, followed by 150 ERP trials (each trial lasting 2400 ms), with an inter-trial interval of 1200 ∼ 1500 ms. Within each ERP trial, there was an external emotional stimulus of either Disgust, Fear, Erotica, Happiness, Neutral, or Sadness (2000 ms each; emotion presentation order randomized between participants); and each emotion presentation was followed by either a standard (400 ms, a square of 40 mm × 40 mm) or target (400 ms, a circle of 40 mm in diameter) stimulus in the middle of the black background. The standard stimuli were delivered 120 times (80%) and the target stimuli were 30 times (20%) in a randomized order. Participants were asked to actively respond to the circle picture (target) by pressing a button with their right index finger as soon as possible. EEG waves were recorded with 32 electrodes embedded in an elastic electrocap (Electro-Cap International, Inc., Eaton, OH, USA) according to the 10-20 International System, with a sampling rate of 1024 Hz, and were amplified by a DC amplifier (the ANT amplifier, Enschede, The Netherlands). The impedance of each electrode was kept below 10 k . These recordings were made with an average reference and then referred again off-line to the average activity of the two mastoid electrodes (M1 and M2). Bipolar recordings of the electro-ocular activity were made with electrodes placed at the outer canthus and supraorbitally to the right eye. Potentials were analyzed offline with ASA software (ANT Software B.V., Enschede, The Netherlands), using a band-pass of .01 ∼ 30 Hz. The sampling epoch was 100 ms pre-stimulus and 600 ms post-stimulus. Any sweep in which the EEG exceeded ± 70 v was excluded from averaging.
ERP waves were analyzed in terms of peak latency and baseline-to-peak amplitude determined by visual inspection. Latency ranges designated for potentials were 70 ∼ 200 ms for N1, 180 ∼ 400 ms for N2, and 300 ∼ 540 ms for P3. Moreover, the reaction times and accuracies to target in each participant were noted. Statistical analyses. The mean reaction times to target stimuli, as well as scale scores of MDQ, HCL-32 and PVP in the three groups were analyzed by one-way ANOVA. ERP morphology data recorded at nine electrodes in frontal, central and parietal sites, i.e., F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4 were selected for analyzing. The mean ERP component latencies and amplitudes at nine selected electrodes were evaluated by two-way ANOVA, group (3) × electrode (9) . Once a group effect was detected, the post-hoc Bonferroni test was used to evaluate parameter effects. Moreover, significant differences with P ≤ 0.05 at no less than three coaxial electrodes (frontal, central, posterior in lateral axis; left, midline, right in sagittal axis) were required for meaningful group effects. Relationships between ERPs and the affective scale scores were analyzed using the Pearson correlation test, and only significant correlations with P ≤ 0.01 at no less than three coaxial electrodes were considered stable and meaningful. With the present sample size, power to detect an effect was larger than 80% at P ≤ 0.05, based on a sample of 19 participants per group (the smallest groups in the present study).
We also reconstructed the respective 3D sources, based on data obtained at the 32 electrodes, in order to look for cerebral areas involved in the significantly different processes of target stimuli under conditions of specific external emotional stimuli in three groups. The software used for the reconstruction was the SPM12 software package, running in Matlab R2013b (Mathworks Inc. Natick, MA, USA). The figures of the averaged source map were generated using xjView (http://www.alivelearn.net/xjview).
Results
Scale and behavioral results
The mean MDQ scores were significantly different between the three groups (F [2,94] = 90.97, MSE = 313.67, P < 0 .001, 2 = 0 .66), with BD I patients scoring higher than BD II and controls (Ps < .001). The mean HCL-32 scores were significantly different among the three groups (F [2,94] = 69.53, MSE = 549.19, P < 0 .001, 2 = 0 .60), with BD I and BD II scoring higher than controls (P < 0.001), and BD I higher than BD II (P < 0 .05). The mean PVP scores were also significantly different among the three groups (F [2,94] = 44.74, MSE = 1908.17, P < 0 .001, 2 = 0 .49), with BD II scoring higher than BD I and controls (Ps < 0.001), and BD I higher than controls (P < 0 .05) (see Table 1 
ERP data
ERP components were clearly shown in three groups of participants; those recorded under Disgust conditions are shown as examples (Fig. 1) . For the sake of brevity, only latencies/amplitudes of N2 and P3 with significant group effect are presented in Table 2 , the remaining data regarding N1 latencies and amplitudes to target, and part of N2 and P3 latencies and amplitudes not being presented 
Source reconstructions
After significant group effects for N2 latencies and P3 amplitudes under different external emotions, we tried to locate the possible neural sources for these components in the three groups by performing 3D source reconstruction in their corresponding time-windows. Compared to controls, decreased activation of inferior temporal gyri under Happiness during N2 time window was found in BD I. During the P3 time window, decreased activations of inferior temporal gyri under all external emotions except Fear, increased activations of inferior frontal region under Disgust, increased inferior and middle frontal under Erotica, increased parietal under Happiness, and increased medial prefrontal and insula under Neutral conditions were found in BD I; and increased middle occipital under Disgust, decreased inferior frontal under Happiness, and increased inferior frontal, superior parietal and occipital under Neutral conditions were found in BD II. In addition, decreased activation of inferior occipital under Fear during the N2 time window, and increased activations of occipital and parietal under Erotica in the P3 time window were found in both BD I and BD II. Furthermore, a significant group effect was shown for the Neutral condition, with lower activations of bilateral postcentral gyri (P < 0.001), left parahippocampal gyrus (P < 0 .001), uncus (P < 0 .001) and inferior temporal gyrus (P < 0.001) in BD II than those in controls. Taking the P3 in the Disgust condition as an example, the source map for the three groups is shown in Fig. 2 . For the sake of brevity, only the inverse solute results under external emotional stimuli with significant group effects are shown in Table 3 .
Relationships between ERPs and affective states
The P3 amplitudes under Disgust at frontal electrodes (n = 47; F3, r = −0.40, P = 0.009; Fz, r = −0.40, P = 0.008; F4, r = −.044, P = 0.003) were negatively correlated with HCL-32 in controls. No other relationship between ERP components and affective states was found in a given group.
Discussion
This is the first study addressing the specific effects of external emotional stimulation on cerebral attentional function in bipolar disorder. We found that N2 latencies under Fear and Happiness conditions were prolonged and P3 amplitudes under Disgust and Erotica decreased in BD I; while P3 amplitudes under Disgust, Erotica, Happiness and Neutral conditions were decreased in BD-II. We detected generalized abnormal activation of frontal regions especially inferior frontal gyrus, and inferior temporal, parietal, occipital, and limbic regions in bipolar disorder, as previously reported [1]. We consistently found that both BD I and BD II scored higher on MDQ, HCL-32 and PVP, similar to previous reports [44, 45] , but changes in cerebral potentials were not associated with the concurrent affective states of BD I and BD II. Therefore, two of our three hypotheses were confirmed, while rebuttal of our third hypothesis suggests that different patterns of attentional dysfunction are the primary characteristics of BD I and BD II under external emotional stimuli conditions.
In controls, negative correlation between P3 amplitudes under the Disgust condition and HCL-32 score suggests that the hypomania-like trait is linked to hypovigilance to negative social cues, such as the fearful facial gaze as previously reported [35] , and by the association between attentional avoidance and disgust sensitivity [5] . In BD I, prolonged N2 latencies under Fear and Happiness conditions might also be explained by the following two result sets. One set was the lower attention-executive function when recognizing facial fear found in these patients [32, 41] , and that of our own results of decreased right inferior occipital gyrus activity under Fear, which was involved in the basic visual processing. The other set was the happy stimuli influence on the initial attentional orientation in manic patients [15] , and our results of decreased inferior temporal gyri under Happiness which played a role in object recognition [11] . In BD II, the decreased P3 amplitudes and hypoactivation in inferior tem-poral gyri and limbic regions but increased inferior frontal activation under Neutral conditions, might suggest increased impulse control over the prepotent response which leads to reduced voluntary attention to non-emotional stimuli as previously reported [6] . The hypoactivation in inferior frontal gyri and decreased P3 amplitudes under Happiness conditions suggested insufficient voluntary evaluation and Fig. 3 Cerebral information processing styles were influenced by external emotional stimuli through psychological and neurobiological pathways in bipolar disorder: both active and automatic attentions were impaired in bipolar I, while only active attention was impaired in bipolar II; both bipolar I and II disorders were impaired through different brain areas under different external-emotions; and these differences were independent from the concurrent affective states.
modulation of response to happy cues in our BD-II, in line with their poor performance and decreased activation of the inferior frontal region in happy face processing and recognition tasks [8, 12] , which might lead to ignorance of subsequent targets in the attentional task [47] . Both BD I and BD II showed decreased P3 amplitudes under Disgust and Erotica conditions, implying that they had lower voluntary evaluation during disgust or sexual stimulations. The impaired active attention, decreased inferior temporal gyri and increased inferior frontal gyri activations under the Disgust condition in BD I suggested that attentional resources were excessively occupied by inhibition of emotion, causing impaired object recognition [11, 36] ; results were also in line with previous observations that disgust stimuli hold attention easily [42] . In BD II, the increased inferior occipital activation under Disgust suggested that more primary visual processing was involved in the procedure [11] , while the decreased P3 amplitude suggested that this might merely be the after-effect of the previous disgust situation instead of attention to target [42] . Moreover, decreased P3 amplitudes, increased activation of occipital and parietal regions and decreased inferior temporal gyri under Erotica conditions in our BD I and BD II groups support the idea that erotic stimuli exaggerate individuals' perception and interpretation of sensory information [11] , and that erotica readily distracts goal-directed behavior [27] . The increased inferior frontal activation in our BD I suggests that these patients devote more attentional resources to the processing of erotic information and intensity regulation of their responses as previously investigated [14] , and supports the high sensitivity to erotic stimuli in bipolar disorder, especially BD I [26] .
However, the limitations of our study design should be borne in mind. Firstly, we only used visual ERPs to study attentional functions under external emotions; other sensory modalities of ERPs or other techniques assessing broader attentional functions would be helpful to elucidate the phenomena. Secondly, we did not include anger, contempt, and surprise as external emotions; their involvements might help to show more complicated emotional effects on attentions in bipolar disorder. Thirdly, we did not recruit control groups with other pathologies such as unipolar major depression or personality disorder, and hence whether our findings are unique to bipolar disorder remains to be seen. Nevertheless, we found that BD I patients had slower automatic attention under Happiness and Fear conditions, and decreased cerebral activation for object recognition or primary visual processing, lower voluntary attention under Disgust and Erotica, and over-activation in regions dealing with emotional modulation. BD II patients on the other hand, had lower voluntary evaluation ability under Disgust, Happiness, Erotica and Neutral conditions, and excessively activated areas responsible for visual processing and emotional perception or regulation.
Conclusions
Our study implies that external emotional stimuli trigger the processing of both psychological and neurobiological pathways and elicit different responses in BD I and BD II which are independent from their concurrent affective states ( Fig. 3 ). Therefore, our study demonstrates different visual processing mechanisms under external emotional conditions in different types of bipolar disorder, which could provide a basis for developing emotional intervention therapy.
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